Certain cyanobacteria can form symbiotic associations with plants, where the symbiont supplies the plant partner with nitrogen and in return obtains fixed sugars. We recently showed that in the symbiotic cyanobacterium Nostoc punctiforme, a glucose specific permease, GlcP, is necessary for the symbiosis to be formed. Results presented here from growth yield measurements of mutant strains with inactivated or overexpressing sugar transporters suggest that GlcP could be induced by a symbiosis specific substance. We also discuss that the transporter may have a role other than nutritional once the symbiosis is established, i.e., during infection, and more specifically in the chemotaxis of the symbiont.
Certain cyanobacteria can form symbiotic associations with plants, where the symbiont supplies the plant partner with nitrogen and in return obtains fixed sugars. We recently showed that in the symbiotic cyanobacterium Nostoc punctiforme, a glucose specific permease, GlcP, is necessary for the symbiosis to be formed. Results presented here from growth yield measurements of mutant strains with inactivated or overexpressing sugar transporters suggest that GlcP could be induced by a symbiosis specific substance. We also discuss that the transporter may have a role other than nutritional once the symbiosis is established, i.e., during infection, and more specifically in the chemotaxis of the symbiont.
Phylogenetic analysis shows that the distribution of GlcP among cyanobacteria is likely influenced by horizontal gene transfer, but also that it is not correlated with symbiotic competence. Instead, regulatory patterns of the transporter in Nostoc punctiforme likely constitute symbiosis specific adaptations.
While most cyanobacteria are photoautotrophs and use ammonium or nitrate as a source of nitrogen, other metabolic capacities are not uncommon within this group of organisms. The symbiotic cyanobacterium Nostoc punctiforme is able to use N 2 as the nitrogen source and to grow heterotrophically using sugars as carbon source.
1 In plant-cyanobacteria symbiosis, the cyanobacterium, which has low photosynthetic activity, provides the plant with fixed nitrogen, while the plant supplies the cyanobacterium with sugars.
2
We recently characterized a glucose-specific permease (GlcP) as being necessary for the cyanobacterium N. punctiforme to form symbiosis with the plant Anthoceros punctatus. 3 The key observation of our work was that mutants of N.
punctiforme in which glucose uptake was abolished did not infect A. punctatus. The gene encoding GlcP is part of a cluster, frtA1-frtA2-frtB-frtC-glcP-oprB, in which at least the frt genes and glcP may be co-transcribed. The frt genes encode an ABC-type transporter for fructose, and oprB encodes an outer membrane sugar porin. We did not determine, however, the exact role of GlcP in symbiosis or its regulation. Possibly the transporter has a role in the mature symbiosis, by taking up sugars supplied by the plant for nutrition, but a second role could be in chemotaxis.
Glucose-Supported Growth
When grown in light in the presence of either fructose or glucose, the growth yield of the N. punctiforme wild type increased (Fig. 1) . In contrast, mutant strain CSME1A, which exhibits minimal transport activity of both glucose and fructose, 3 showed the lowest growth yields, and strain CSME11, which has a low glucose transport activity but retains a partial activity of fructose transport, 
Does GlcP have a Role in Chemotaxis?
Previous studies have shown that inactivation of various genes involved in N 2 fixation results in N. punctiforme still forming colonies in the plant partner that are however unable to provide the plant with fixed nitrogen. 6 This is in contrast to the glcP mutants, which formed no visible symbiotic colonies, implying that GlcP has a role during the establishment of the symbiosis. The fact that inactivation of glcP does not impair hormogonia differentiation or motility may imply that the early role of Table 1) . It thus appears that the presence or absence of GlcP is not by itself related to symbiotic competence, and that sugar uptake mechanisms are diverse in cyanobacterial symbionts. Indeed, a glucose transporter different from GlcP was recently characterized in marine picocyanobacteria.
14 Except for the 12 cyanobacterial sequences, most homologous sequences were retrieved from Deltaproteobacteria, Actinobacteria, and Gammaproteobacteria. These sequences also show considerable sequence similarity (50-68% identity), and thus GlcP appears to be a widespread and conserved type of transporter. We constructed a phylogenetic tree over the 100 sequences with highest sequence similarity to N.
punctiforme GlcP. The top scoring cyanobacterial sequences all cluster together and may have been acquired from Deltaproteobacteria (Fig. 2) These adaptations seem to have included changes in regulatory patterns, since the regulation of GlcP appears to differ between N. punctiforme and the non-symbiotic cyanobacteria.
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